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Introduction
Increased production of vascular reactive oxygen species (ROS), especially superoxide anion, contributes to functional and structural alterations in hypertension. By stimulating the angiotensin II (Ang II) type 1 (AT1) receptor, Ang II contributes to the overexpression of cytosolic proteins involved in the activation of NAD(P)H oxidase, which is a major source of superoxide production (1, 2) . Overexpression of these cytosolic proteins might lead to vascular hypertrophy and remodeling in hypertension (1, 2) , and the AT1 receptor antagonist reduces overall oxidative stress in hypertensive patients independently of its effects on blood pressure (3) . Conversely, enzyme superoxide dismutase (SOD) is a primary cellular defense against ROS. Three SOD isozymes, Cu/Zu-containing SOD (Cu/ZnSOD), manganese SOD (MnSOD), and extracellular SOD (ecSOD), have been identified, with Cu/ZnSOD being localized in the cytosol, MnSOD in mitochondria, and ecSOD in extracellular spaces. The predominant SOD activity in rat peripheral vessels is attributed to Cu/ZnSOD (4, 5) . Exposure to oxidative stress induced by the activation of NAD(P)H oxidase may exhaust the antioxidative capacity of the heart. In contrast, the increased activity of NAD(P)H oxidase is attenuated by increased activation of SOD induced by the administration of antioxidants in strokeprone spontaneously hypertensive rats (SHRSP) (6) , indicating that upregulation of antioxidant enzymes might reduce oxidative stress, improve vascular function and structure, and prevent the progression of hypertension in SHRSP.
Despite the many studies on the beneficial effects of angiotensin-converting enzyme (ACE) inhibitors and AT1 receptor antagonists on the vascular structure of intramyocardial arteries and oxidative stress in hypertension (1, 2) , the effects of AT1 receptor antagonists and ACE inhibitors on ROS-scavenging enzymes remain unclear. In this study, we assessed the hypothesis that AT1 receptor antagonists or ACE inhibitors might modulate vascular remodeling in the intramyocardial arteries of SHRSP via ROS-scavenging enzymes such as SOD.
Methods
The Ethics Committee for Animal Experimentation at the Yamaguchi University School of Medicine approved the experimental protocol used in this study. Experiments were performed according to the Guidelines for Animal Experimentation at the Yamaguchi University School of Medicine, and according to law No. 105 and notification No. 6 of the Japanese government.
Chemicals and Antibodies
The AT1 receptor antagonist E4177 and the ACE inhibitor cilazapril were provided by Eisai Co., Ltd. (Tokyo, Japan). The following were used in the immunofluorescence study and immunoblots: mouse monoclonal antibodies against human α-smooth muscle (SM) actin (Dako Cytomation Co., Ltd., Kyoto, Japan), human MnSOD (Chemicon International, Temecula, USA), human endothelial NO synthase (eNOS) (BD Transduction Laboratories, San Diego, USA), goat polyclonal antibodies against human p22 phox , Cu/ZnSOD, and calponin-1 (Santa Cruz Biotech, Santa Cruz, USA), horseradish peroxidase (HRP)-rabbit anti-goat and anti-mouse IgG, FITC-conjugated rabbit anti-mouse IgG (Zymed Laboratories, San Francisco, USA), and TRITCconjugated rabbit anti-goat IgG (P.A.R.I.S., Compiègne, France).
Experimental Protocol
Twelve-week-old male Wistar-Kyoto rats (WKY group; n= 20) and SHRSP (n= 60) were obtained from Charles River Japan (Yokohama, Japan). SHRSP were randomized into three groups and treated for 6 weeks with a vehicle (SHRSP group; n= 20), cilazapril (10 mg/kg/day, cilazapril group; n= 20), or E4177 (30 mg/kg/day, E4177 group; n= 20). The doses used in the experiments were determined according to Matsumoto et al. (7) . Without anesthetizing the rats, we determined their systolic blood pressure (SBP) and heart rate by tail-cuff plethysmography. After the 6-week treatment period, rats were weighed and euthanized with a sodium pentobarbital overdose, and hearts were excised and weighed. Some of the excised hearts were perfused and fixed with heparinized saline followed by Bouin's solution via retrograde infusion into the ascending aorta at a pressure of 90 mmHg (8) , and then paraffin-embedded 4-µm slices were stained with Sirius red for histological analysis. The left ventricles of the other hearts were separated, washed with heparinized saline, weighed, and cut into three pieces perpendicular to the long axis. A piece of the middle portion of the heart tissue from each heart was snap-frozen with optimal cutting temperature (O.C.T.) compound in liquid nitrogen to obtain fresh-frozen, 4-µm-thick sections for immunofluorescent staining. The rest of the apex-side heart tissues were frozen in liquid nitrogen and stored at -80°C until use for immunoblotting. The remaining base-side heart tissues were not used for the study, as we wanted to avoid contaminating the epicardial large coronary arteries.
Histological Analysis
To evaluate the coronary arterial wall thickness and perivascular fractional fibrosis, we scanned short-axis images of intramyocardial arteries at ×200 magnification. In each heart, we evaluated the wall-to-lumen ratio (the medial thickness compared to the internal diameter) and a cross-sectional area of at least 10 intramyocardial arteries < 150 µm in diameter, as well as the perivascular collagen (the ratio of the collagen deposition area surrounding the vessel to the lumen area) and the interstitial collagen fraction (the ratio of the collagen deposition area in interstitial spaces and the corresponding left ventricular area) in the heart by analyzing Sirius red-stained sections under a microscope fitted with crosspolarization filters. All were evaluated in a blind fashion using a computer-assisted image analysis system with NIH Image software (ver. 1.62), according to the method of Baba et al. (9) , and the mean value of each heart was used for statistical analysis.
Confocal Microscopy
We conducted dual immunolabeling using combinations of mouse monoclonal antibody against α-SM actin (dilution 1:100) and goat polyclonal antibodies against p22 phox (dilution 1:100) or Cu/ZnSOD (dilution 1:100), or goat polyclonal antibodies against calponin-1 (dilution 1:50) and mouse monoclonal antibodies against MnSOD (dilution 1:200), to evaluate the colocalization of these proteins. After fixation, the sections were treated with 2.0% normal horse and 5.0% normal sheep serum (Vector Laboratories, Burlingame, USA) in phosphate-buffered saline for 30 min at room temperature, followed by incubation overnight at 4°C with the two primary antibodies applied together. The sections were then incubated for 1 h at room temperature with a mixture of the two secondary antibodies, FITC-conjugated rabbit anti-mouse IgG (dilution 1:100 or 200) and TRITC-conjugated rabbit anti-goat IgG (dilution 1:100). The sections were washed with three changes of phosphate-buffered saline, mounted in glycerol, and then examined by confocal microscopy with a laser scanning confocal fluorescence microscope (LSM510; Carl Zeiss, Inc., Jena, Germany) equipped with argon and helium-neon laser sources. Excitation wavelengths of 488 nm for FITC and 543 nm for TRITC were used to generate fluorescence emissions in green and red, respectively.
Immunoblotting
Immunoblots were performed as previously described (10) . The p22 phox , Cu/ZnSOD, and MnSOD were separated by sodium dodecyl sulfate (SDS) -15% polyacrylamide gel electrophoresis (PAGE), and eNOS was separated on SDS-10% PAGE. Primary antibodies against p22 phox and Cu/ZnSOD were used at a dilution of 1:500; MnSOD and eNOS were used at a dilution of 1:1000. Equal amounts of protein of total tissue homogenate from heart tissue were applied in each well (p22 phox , 40 µg; Cu/ZnSOD, 30 µg; MnSOD, 12 µg; eNOS, 20 µg) and then electroblotted and detected with the ECL system (Amersham Biosciences, Buckinghamshire, UK). After immunoblotting, the film was scanned and densitometric analyses were performed using NIH Image software (ver. 1.62).
Measurement of Oxidative Stress
Myocardial oxidative stress was estimated by measuring both 8-iso-prostaglandin F2α (8-iso-PGF2α) and thiobarbituric acid reactive substances (TBARS). The level of 8-iso-PGF2α was measured using an enzyme-linked immunoassay kit (Cayman Chemicals, Ann Arbor, USA) (11) . Briefly, cardiac tissues were homogenized and then protected by the addition of indomethacin (0.001% w/v) to prevent in vitro formation of prostanoids due to any leukocyte contamination. Tissues were hydrolyzed with the appropriate excess volume of 2 mol/l KOH at 45°C for 2 h. After hydrolysis, samples were cooled and treated with an equal volume of 2 mol/l HCl, and the neutralized samples were then centrifuged at 3,000 rpm for 20 min. Using 8-iso-PGF2α as the standard, we calculated the level of 8-iso-PGF2α as pg/mg wet tissue.
TBARS levels were determined by a colorimetric method (Wako Pure Chemicals, Tokyo, Japan) (12) . Briefly, cardiac tissue was homogenized in 6.5% trichloroacetic acid (TCA), and a reagent containing 15% TCA, 0.375% thiobarbituric acid, and 0.25% HCl was added. The sample was then mixed thoroughly, heated for 15 min in a boiling water bath, cooled, and centrifuged at 2,000 rpm; the absorbance of the supernatant was then measured at 535 nm against a blank that contained all reagents except the tissue homogenate. Using malondialdehyde as a standard, we calculated TBARS as nmol/mg wet tissue.
Measurement of SOD Activity
SOD activities were determined based on the SOD-mediated increase in the rate of autoxidation of 5,6,6a,11b-tetrahydro-3,9,10-trihydroxybenzo[c]fluorine in aqueous alkaline solution to yield a chromophore with maximum absorbance at 525 nm with a spectrophotometric assay (OxisResearch, Portland, USA) (13) . Briefly, heart tissues were washed with 0.9% NaCl containing heparin to remove red blood cells, followed by homogenization and centrifugation. Next, 40 µl of tissue homogenate was added to 900 µl of 2-amino-2-methyl-1,3-propanediol containing boric acid and diethylenetriaminepentaacetic acid (DTPA) (pH 8.8), and then 30 µl of 1,4,6-trimethyl-2,2-vinylpyridinium trifluoromethanesulfonate in HCl was added. The mixture was briefly vortexed and then incubated at 37°C for 1 min. We added 30 µl of 5,6,6a,11b-tetrahydro-3,9,10-trihydroxybenzo[c]fluorine in HCl containing DTPA and ethanol, and immediately measured the absorbance at 525 nm spectrophotometrically. The SOD activity was determined from the ratio of the autoxidation rates in the presence and absence of SOD. Absolute ethanol/chloroform, 62.5/37.5 (v/v), was used to inactivate MnSOD and to specifically measure Cu/ZnSOD activity according to the manufacturer's recommendations.
Measurement of NAD(P)H Oxidase Activity
NAD(P)H oxidase activities were determined by a luminescence assay (14) . Briefly, heart tissues were placed in a chilled, modified Krebs-HEPES buffer (99 mmol/l NaCl, 4.7 mmol/l KCl, 1.9 mmol/l CaCl2, 1.2 mmol/l MgSO4, 1.0 mmol/l K2HPO4, 25 mmol/l NaHCO3, 20 mmol/l Na-HEPES, and 11 mmol/l glucose, pH 7.4). A 10% (w/v) tissue homogenate in a 50 mmol/l phosphate buffer was subjected to centrifugation at 1,000 × g for 10 min to remove unbroken cells and debris. An aliquot was kept for protein determination, and supernatants (25 µl) were assayed immediately for superoxide production. A luminescence assay was performed in a 50 mmol/l phosphate buffer, pH 7.0, containing 1 mmol/l EGTA, 150 mmol/l sucrose, 500 µmol/l lucigenin (bis-Nmethylacridinium nitrate) as the electron acceptor, and 100 µmol/l NAD(P)H as the substrate (final volume 225 µl), all of which was poured into a 96-well microplate. This concentration fell well within the linear range of the assay (1 µmol/l to 10 mmol/l for NAD(P)H), and NAD(P)H was not rate-limiting over the initial course of the assay. No activity could be measured in the absence of NAD(P)H. After dark adaptation, background counts were recorded and a tissue homogenate was added to the microplate. The lucigenin count was then recorded every 15 s for 10 min, and the respective background counts (without tissue homogenate) were subtracted from tissue homogenate readings. The lucigenin count was expressed as counts per second per milligram of the tissue homogenate.
Statistical Analysis
All values were expressed as the means ±SEM. The experimental groups were compared with ANOVA followed by Scheffe's multiple comparisons; values of p< 0.05 were considered statistically significant.
Results
Throughout the experiments, SBP in the vehicle SHRSP group was significantly higher than that in the WKY group. The two drugs induced equivalent and significant reductions in SBP compared to the levels in the SHRSP group. However, both the cilazapril and E4177 groups showed significantly higher SBP than did the WKY group (Fig. 1A) . Heart rates were unaltered among the four groups throughout the experiments (Fig. 1B) . Body weight was greater in the WKY group than in the three SHRSP groups, but there was no difference in body weight among the three SHRSP groups. Left ventricular weight/body weight in the three SHRSP groups was significantly greater than that in the WKY group. In addition, compared to the vehicle SHRSP group, the two drug-treated SHRSP groups showed significant and equal reductions in left ventricular weight/body weight (Table 1) . Figure 2 shows a representative micrograph of the effects of cilazapril and E4177 on vascular remodeling and perivascular collagen deposition in an intramyocardial artery, and Table 2 summarizes the quantitative analysis of the wall-to-lumen ratio and the cardiac collagen deposition in rat hearts. The wall-to-lumen ratio and cross-sectional area of the intramyocardial arteries in the vehicle SHRSP group were significantly greater than those in the WKY group. Both these parameters were significantly lower in the two drug-treated groups than in the vehicle SHRSP group. Furthermore, E4177 reduced the wall-to-lumen ratio and cross-sectional area more than did cilazapril in SHRSP, and the ratio by E4177 reached the same level as was present in the WKY group. Both the perivascular and interstitial collagen deposition were significantly higher in the vehicle SHRSP group than in the WKY group. Both drugs significantly reduced the perivascular and interstitial collagen deposition compared with those in the vehicle SHRSP group, with no significant differences in values among the WKY group and the two drug-treated SHRSP groups. Figure 3 shows that the vehicle SHRSP group had significantly higher cardiac levels of both 8-iso-PGF2α and TBARS than did the WKY group. Both cilazapril and E4177 significantly inhibited the increase in both 8-iso-PGF2α and TBARS in the SHRSP hearts, although the levels of 8-iso-PGF2α in the cilazapril group were significantly higher than those in the WKY group. Furthermore, there was a significant difference between the ability of cilazapril and that of E4177 to prevent a rise in both 8-iso-PGF2α and TBARS levels in the SHRSP hearts: E4177 almost entirely abolished the increases in both oxidative stress parameters, resulting in levels almost identical to those in the WKY group. Figure 4A shows that p22 phox expression was significantly upregulated in the vehicle SHRSP group compared with that in the WKY group. Both cilazapril and E4177 significantly downregulated p22
phox expression compared with that in the vehicle SHRSP group. The E4177 group showed expression at almost the same level as that of the WKY group, whereas the level of p22 phox expression in the cilazapril group was sig- nificantly higher than that of the WKY group. Inversely, Cu/ ZnSOD expression was significantly downregulated in the vehicle SHRSP group compared with that in the WKY group. Compared to that in the vehicle SHRSP group, Cu/ZnSOD expression was significantly upregulated in both the cilazapril and E4177 groups, to levels almost equivalent to that in the WKY group. Furthermore, significant differences were seen between the cilazapril and E4177 groups in Cu/ZnSOD expression in SHRSP hearts. MnSOD expression in the heart was unaltered in each of the four groups. Figure 4B shows the results of dual immunofluorescent staining of p22 phox , Cu/Zn-, or MnSOD, as well as α-SM actin and calponin 1 expression in the rat heart; it can be seen that p22 phox was mainly localized not only in the media but also in the perivascular area of intramyocardial arteries in the vehicle SHRSP group, whereas p22 phox was mainly localized only in the media of the intramyocardial arteries in the WKY group. Cardiac myocytes scarcely expressed p22 phox in rat hearts. In contrast, Cu/ZnSOD and MnSOD were relatively and uniformly localized in the media of the intramyocardial arteries, 
Fig. 2. Representative micrograph of the effects of cilazapril and E4177 on vascular remodeling and perivascular collagen deposition in an intramyocardial artery. The sections were stained with Sirius red F3BA (a−d) and viewed through a polarizedlight microscope (e−h). Arteries of WKY (a and e) and SHRSP treated with vehicle (b and f), cilazapril (c and g), and E4177 (d and h) are shown. Bar, 50 µm.

Fig. 3. Levels of 8-iso-PGF2α and TBARS in rat hearts
Fig. 4B. Confocal microscopic analyses of the localization of p22 phox , Cu/Zn-, and MnSOD in an intramyocardial artery in rat hearts. Tissues were labeled with specific antibodies against α-SM actin (a, d, g, and j), calponin 1 (m and p), p22 phox (b and e), Cu/ZnSOD (h and k), or MnSOD (n and q) in rat hearts. Arteries of WKY (a−c, g−i, and m−o) and SHRSP (d−f, j−l, and p−r) are shown. Merged images: α-SM actin with p22 phox (c and f), Cu/ZnSOD (i and l) and calponin 1 with MnSOD (o and r)
. Bar, 50 µm.
Fig. 4C. Confocal microscopic analyses of the effects of cilazapril and E4177 on p22 phox and Cu/ZnSOD in an intramyocardial artery in SHRSP hearts. Tissues were labeled with specific antibodies against α-SM actin (a, d, g, j, m, and p), p22 phox (b, e, and h), and Cu/ZnSOD (k, n, and q) in SHRSP hearts. Arteries from animals in the vehicle SHRSP (a−c and j−l), cilazapril (d−f and m−o), and E4177 (g−i and p−r) groups are shown. Merged images: α-SM actin with p22 phox (c, f, and i) and Cu/ZnSOD (l, o, and r). Bar, 50 µm.
but they were also found in cardiac myocytes in both the WKY and vehicle SHRSP groups. However, Cu/ZnSOD expression in cardiac myocytes was higher in the WKY group than in the vehicle SHRSP group. Figure 4C shows the results of dual immunofluorescent staining of p22 phox and Cu/ZnSOD, as well as α-SM actin expression in the SHRSP hearts. Both cilazapril and E4177 inhibited p22 phox expression in the perivascular area and media of the intramyocardial arteries in the SHRSP heart, whereas Cu/ZnSOD expression was increased primarily in the perivascular area and media of the intramyocardial arteries as well as in cardiac myocytes of the SHRSP heart by the administration of cilazapril and E4177. Figure 5 shows the results of the quantitative analysis of both NAD(P)H oxidase and SOD activities in rat hearts. NAD(P)H oxidase activity was significantly upregulated in the vehicle SHRSP group compared with the WKY group. Both cilazapril and E4177 significantly downregulated NAD(P)H oxidase activity compared to that in the vehicle SHRSP group. The E4177 group showed NAD(P)H oxidase activity at almost the same level as that of the WKY group, whereas the levels of NAD(P)H oxidase activity in the cilazapril group were significantly higher than those of the WKY group. In addition, there were significant differences in NAD(P)H oxidase activity in SHRSP hearts between the cilazapril and E4177 groups. Inversely, Cu/ZnSOD activity was significantly downregulated in the vehicle SHRSP group compared with that in the WKY group. Compared to that in the vehicle SHRSP group, Cu/ZnSOD activity in SHRSP hearts was significantly upregulated in both the cilazapril and E4177 groups. Cu/ZnSOD activity in the E4177 group improved to almost the same level as that of the WKY group, whereas Cu/ZnSOD activity in the cilazapril group was significantly lower than that of the WKY group. In addition, there were significant differences between the cilazapril and E4177 groups in Cu/ZnSOD activity in SHRSP hearts. MnSOD activity in the heart was not significantly different among the four groups.
The levels of eNOS expression in the rat heart were significantly downregulated in the vehicle SHRSP group compared with those in the WKY group (Fig. 6 ). Both cilazapril and E4177 caused significant upregulation of eNOS expression in SHRSP hearts, resulting in eNOS expression levels equivalent to those in the WKY hearts, while there were no differences in the degree of upregulation of eNOS expression in hearts between the two drug-treated SHRSP groups.
Discussion
The blood pressure-lowering actions of cilazapril and E4177 were accompanied by decreases in both oxidative stress and vascular hypertrophy, indicating that these processes are redox-sensitive in SHRSP (6) , and equihypotensive effects of the two drugs were observed with the doses used in our study. We therefore conclude that the different mechanisms by which E4177 and cilazapril influence these processes could be related to the direct inhibiting action of ROS-generating enzyme systems and/or the upregulation of ROS-scavenging enzyme systems, as E4177 and cilazapril belong to two different classes of drugs. There are some differences in the mech- anisms for blocking the renin-angiotensin system by the two drugs: cilazapril blocks Ang II formation, and hence less Ang II is available to stimulate both the AT1 and Ang II type 2 (AT2) receptors, whereas E4177 selectively blocks the AT1 receptor, causing the upregulation of Ang II formation and the stimulation of AT2 receptors. Activation of AT1 receptor by Ang II leads to phosphorylation of p47 phox and subsequent translocation of p47 phox to the membrane through the activation of phospholipase D, protein kinase C, and c-Src tyrosine kinase (2) . This process promotes phosphorylated p47 phox binding to the membrane component p22 phox to activate NAD(P)H oxidase (2) . In addition, it has been reported that the AT2 receptor function might be impaired in SHRSP, which could be responsible for the inappropriate progression of vascular remodeling in hypertension (15, 16) , indicating that involvement of the AT2 receptor might be less than previously thought. These observations also indicate that the AT1 receptor, but not the AT2 receptor, plays a crucial role in vascular remodeling and NAD(P)H oxidase activity. Furthermore, aldosterone production in the vasculature may be involved in the results of our experiments. It has been shown that aldosterone is produced in the heart and blood vessels. The biological effects of aldosterone are mediated by the cardiac and vascular mineralocorticoid receptors, and the direct actions of Ang II, such as that of vascular remodeling via oxidative stress and inflammation of the vascular wall and heart, may be mediated in part by aldosterone (17) . Furthermore, it has recently been suggested that Src activation by aldosterone is mediated through the mineralocorticoid receptor (18) . Taken together with the previous report (2), these results suggest that NAD(P)H oxidase activity is regulated to some extent by aldosterone. Aldosterone selectivity in mineralocorticoid target tissues is primarily due to 11β-hydroxysteroid dehydrogenase, and diminished activity in resistance vessels of genetically hypertensive rats has also been shown (19) . In the present study, we did not evaluate the effects of aldosterone on vascular remodeling in the SHRSP heart. However, recent studies have demonstrated that plasma aldosterone levels as well as plasma Ang II levels are not chronically suppressed by ACE inhibitors (20) , whereas the AT1 receptor antagonist shows no evidence of aldosterone escape (21) , suggesting that the effects of aldosterone escape in E4177 on vascular remodeling might be less than those in cilazapril.
Fig. 5. Quantitative analysis of NAD(P)H oxidase activity and
Our immunofluorescence study has demonstrated that NAD(P)H oxidase assessed by the essential subunit of this enzyme, p22 phox , is primarily expressed in the media of intramyocardial arteries and the perivascular area in the heart, and that both cilazapril and E4177 downregulate the expression of p22 phox in the perivascular area and the media of intramyocardial arteries in SHRSP hearts. Moreover, a significant difference in NAD(P)H oxidase activity as well as p22 phox expression in SHRSP hearts was observed between the cilazapril and E4177 groups with the doses used in this experiment. Because NAD(P)H oxidase is the major source of superoxide anion in vascular cells (1) , decreased activation of this enzyme by administration of the two drugs would result in reduced generation of superoxide anions in SHRSP hearts. In addition, both drugs were also found to reduce oxidative stress not only by decreasing NAD(P)H oxidase activity but also by selectively increasing Cu/ZnSOD expression and its activity, primarily in the perivascular area and media of the intramyocardial arteries, and also in cardiac myocytes of the SHRSP hearts. Furthermore, E4177 was found to reduce the concentrations of ROS to the same levels as those in the WKY group more efficiently than did cilazapril in SHRSP hearts, even though the E4177 group showed significantly higher SBP than the WKY group. These findings suggest that enhanced activation of Cu/ZnSOD in SHRSP hearts would lead to a further decrease in superoxide anion concentrations, and that E4177 may have additional benefits for the reduction of ROS in SHRSP hearts beyond the lowering of blood pressure. In earlier studies, antioxidants or chronic treatment with a SOD mimetic have been found to reduce oxidative stress, improve vascular function and structure, and prevent the progression of hypertension in SHRSP by altering the activation of vascular NAD(P)H oxidase and Cu/ZnSOD (6, 22) . Furthermore, administration of Cu/ZnSOD within the vessel wall has been found to normalize the blood pressure of genetically hypertensive rats (23) . It is also possible that both AT1 receptor antagonists and ACE inhibitors will improve endothelial function by accelerating the ROS-scavenging systems (24). Although we cannot elucidate which of the two ROS-related enzyme systems is more important, our results regarding the localization of Cu/ZnSOD and MnSOD in the rat heart are similar to those reported previously (25) , and we observed, through comparisons between the two, that these Didion et al. (26) , who clearly demonstrated that the selective loss of Cu/Zn-SOD results in increased superoxide and altered vascular responsiveness in both large arteries and microvessels in Cu/ZnSOD-deficient (Cu/ZnSOD -/-) mice. The mechanisms by which E4177 and cilazapril influence Cu/ZnSOD are illdefined, but the AT1 receptor might play an important role in the regulation of Cu/ZnSOD, based on the results observed in our study and those of an earlier report (27) which suggested that AT1 receptor function is involved in the regulation of Cu/ZnSOD. In addition, it has been reported that expression of the Cu/ZnSOD gene is induced by the inducible binding of peroxisome proliferators to peroxisome proliferator-activated receptors through the peroxisome proliferator-responsive element site, which is located between nt -797 and -786 of the 5′-flanking sequence of the rat Cu/ZnSOD gene (28) , and that AT1 receptor antagonists induce peroxisome proliferatorsactivated receptor-γ activity (29) . Taking the above together with our results, it is suggested that E4177 may upregulate Cu/ZnSOD activity through the activation of these processes in SHRSP hearts.
Increased vascular ROS production diminishes NO bioavailability and leads to endothelial dysfunction and vascular hypertrophy in hypertension (30) . Although we did not measure NO activity in this study, it is possible that, even though cilazapril and E4177 had equipotent effects on the restoration of eNOS expression in SHRSP hearts, E4177 might provide additional benefits in terms of NO bioavailability. These processes could have been associated with attenuated vascular remodeling and reduced ROS in SHRSP via not only reductions in NAD(P)H oxidase levels but also upregulation of Cu/ZnSOD in our study.
In the present study, we did not examine the effects of E4177 and cilazapril on ROS-scavenging enzymes such as glutathione peroxidase and/or catalase in the rat heart (31). We cannot exclude the possibility that such ROS-scavenging enzymes as well as Cu/ZnSOD might affect ROS levels in the SHRSP heart. In addition, several reports have demonstrated that rat ecSOD is lacking in the vessel wall and is primarily present in plasma (4) , and that ecSOD activity is quite low in the heart (32); as such, it is unlikely that ecSOD plays a critical role in the heart, although we cannot exclude the possibility that ecSOD in plasma could have influenced our results.
In summary, our study has demonstrated that E4177 and cilazapril might inhibit vascular remodeling in intramyocardial arteries of SHRSP via not only ROS-generating enzyme NAD(P)H oxidase but also through ROS-scavenging enzymes such as Cu/ZnSOD in the SHRSP heart. Although little is known about ROS-scavenging enzymes in hypertension in vivo, and further experiments will be necessary to examine the antioxidant properties of both agents, our findings provide a new view of hypertension and vascular remodeling, and present important information regarding the development of more effective therapies for hypertension.
